The existence of Crooks fluctuation theorem (even at microscopic level, in a very short timeperiod) is a direct threat to the second law of thermodynamics. In this paper, we will underline the flaw that exists in Crooks fluctuation theorem assumptions, and thus, we will confirm the validity of the second law of thermodynamics at any temperature, pressure, and at any scale (time, and length-scale) in nature. We will validate the Loschmidt's paradox, and will show that no physical directional-process can be perfectly-reversible at any non-zero, finite temperature (T > 0K) and pressure (P > 0) in nature.
I. INTRODUCTION
Fluctuation theorem is a consequence of a time reversal symmetry. Gavin E.Crooks 4 and other 567 uses the same theorem in thermodynamics and concluded that there can be a non-zero possibility during which entropy generation can becomes negatives in short time-period. And thus they concluded that the second law of thermodynamics does not hold at nano-scale where work done by the system is the same order as the available (k B T ) thermal energy 56 . Gavin E. Crooks assumed that any thermodynamical process which happens with finite speed (could be very small speed, still it come under finite category), still this process come under reversible category (he is completely unaware with this 2 finding). These researchers 4567 think that entropy production at any time-step can be negative. Also, Crooks 4 proposed that any directional process can be reversible (after using time reversibility ) and can be used to calculate the change in equilibrium Helmholtz free energy of the system. Crooks argued that if one repeat any thermodynamics process multiple (ideally infinites) times and then taking time average (using fluctuation theorems) will provide the change in equilibrium Helmholtz free energy. Crooks, infact argued that one can get equilibrium Helmholtz free energy using time reversal symmetry, even in ir-reversible process, where work done by the system or on the system is strictly process (speed, surrounding, polytropic exponent) dependent. In this paper we will show that, fluctuation theorem should not be used in thermodynamics, because, theorem has inherent flaw in the definition of entropy. We will show that any directional process (no matter how slow that process has been performed) has inherent ir-reversibility, and thus entropy increases in every time-step during the evolution of the system (which is against the Crooks fluctuation theorem assumption).
We will show that any real system driven by non-zero finite chemical/electrical/magnetic/gravitational potential energy gradient come under ir-reversible category and time reversal symmetry should not be used to infer any information of the system at any non-zero temperature (T > 0). We will discuss the flaw that exists in
Crooks fluctuation theorems 4 , and in experimental anal-process, evolution of process under reversible condition, chemical potential and time-reversal symmetry.
II. IR-REVERSIBILITY IN NATURE
We will start from Carnot's statement: "A perpetuum mobile is impossible because of the irreversibility of thermodynamic processes" 1 .
The key point in Carnot's statement is "perpetuummobile", and "ir-reversibility" of the thermodynamics process. Question arises that is there any thermodynamics process in nature which is reversible (in absolute sense)? In this section, we will validate Carnot's statements and will show that there will never be any thermodynamics process in nature, which will be perfectly reversible, no matter how slow (even infinitely slow process) one has perform the process. Before dealing this problem, we will discuss thermodynamics reversible system.
Let see how this process can be performed in real system
and how every real system will be associated with a finite non-zero entropy at any cost. Lets take system and surrounding. Both have the same average-temperature, and same thermodynamic states, so that reversible thermodynamics process can be performed. We know that the temperature is macroscopic average quantity. A macroscopic quantity always evaluated using statistical rule.
So, if there are many thousands of atoms/molecules, one can define the average temperature of the system after adding all possible kinetic energy of the atoms/molecules (or one can use Maxwell-Boltzmann distribution curve), and equate it to the < 3 2 nKT >. Where, n is the total number of moles of gas atoms/molecules. This temperature is the average temperature in investigating volume. This temperature will not be uniform in the entire volume. There will be some zone in investigating volume, where actual temperature (depend on the velocity profile of atoms/molecules (Maxwell-Boltzmann distribution) in that zone) will be bit higher, and also there will be some zone where actual temperature will be bit lower than the average temperature. In our analysis, we will use average temperature (mean) and then we will put temperature error distribution (from mean value) function which will follow normal-distribution (we have taken this assumption). Now, lets take our investigating system from thermodynamical state A, and move (reversible) towards the thermodynamics state B. Let take this process has completed in infinitely many step, during which system was always in thermodynamic equilibrium with surrounding (reversible). During this process, each and every step, we assume that system and surrounding was in thermodynamical equilibrium. Question arises that if both system and surrounding were always in thermodynamics equilibrium (reversible), then why system goes from one thermodynamical state A, into another thermodynamical state B? If system goes from one thermodynamical state A, into another thermodynamical state B, then there must be thermodynamical potential gradient in a very unique direction in which system has evolved. Presence of any non-zero, finite, (no matter how small this number is, still this number will be finite in absolute sense) thermodynamic potential gradient will generate ir-reversibility in the system. And, if system have non-zero, finite (no matter how small this is), entropy at each and every step during the transition from thermodynamic state A, into thermodynamic state B, then why we call it reversible process? To answer this question, we will take average temperature of both system and surrounding at each and every step, as mean temperature, and then will put error distribution (deviation from mean-temperature) function of temperature which follows normal distribution. Lets take average (mean) temperature T 0 . If we follow normal distribution in temperature error distribution, then at any time system and surrounding instant temperatures can be written as T 0 + δT , and T 0 − δT , where δT has been sampled from normal distribution. If one take average temperature of both system and surrounding at this time, then, still it is T 0 (mean -temperature). Presence of small temperature difference (2δT ) between sys-tem and surrounding will allow the differential amount of heat (δQ) to flow from system into surrounding. We call this δQ is a reversible heat that has been flown between the system and surrounding at equilibrium ( because heat δQ has been transfered at common temperature (system and surrounding have common temperature T 0 ) with reversible process). During this time, the change in entropy in system, and in surrounding, can be written as,
respectively. Now, the total change in entropy (system + surrounding) in this single-step can be written as,
After using binomial expansion, one can write,
Similarly, dS sytem , can we written as,
After that, the net change in entropy in one -step can be written as,
Let assume that δT (δT > 0) is very very small, therefore, only linear term shall make any significant changes.
Then, dS total , can be written as,
If one analyze this step closely, then one notice that δQ amount of heat has been flown out from system into surrounding (infinite bath) without informing the agent (investigator who were watching this step very carefully during the performance of thermodynamic reversible process been performed under thermodynamical reversible process), then it will be very finite and significant. Now, lets assume that after one step, system temperature become T 1 , which is very close to T 0 . Now, repeat the same process again (now assume that you have different surrounding which average temperature is also T 1 ). In this process, the net change in entropy can be written as,
where [2] , represent step number, δQ is the amount of heat flow from system into surrounding in during the thermodynamic reversible process at step number 2 (we have taken the same amount of heat (δQ) flow in step 1, and in step 2, to make analysis simple), T 1 is the system temperature which is very-very close to step 1, temperature T 0 , but not exactly the same, and δT (positive, assume) is the instant change in temperature between system and surrounding, which follows the normal distribution. Similar process will be happened in step number 3, 4, 5,... ∞. Now, the total change in entropy in a thermodynamic reversible system which transit from state A into state B, can be written as,
Where δQ, is the amount of differential heat that has been flown from the system into a surrounding in eachstep under the reversible thermodynamic process, δT , is the positive temperature difference that has been devel-oped instantly between system and surrounding and it (δT ) follows the normal distribution (we have assumed this distribution to make our analysis simple. Some time δT will be negative, because it has been sampled from normal distribution, but in this case no heat can flow from system into surrounding, and thus we have ignored this part and focused only when δT > 0). What we are concluding in this section is that, if one see the change in entropy (dS total ), in one steps, then, one notice that change in entropy (system +surrounding) is not absolutely zero during the thermodynamics reversible process.
It could be a very small number, but still it is finite. We generally ignore it and loosely say that change in entropy during the thermodynamical reversible process is zero.
Since transition process happens with infinitely many steps (thermodynamical reversible) in between state A to state B , therefore, the total change in entropy will be very significant, and thus it will induce ir-reversibility in the process (no matter how small is this, but still will be non-zero, finite in absolute sense). So, no thermodynamical reversible process can be possible without increasing the net change in entropy of the system+surrounding. In absolute sense, no directional process (going from state A into state B come under directional process category)
can be perfectly reversible. There will always be a nonzero, finite ir-reversibility in every process. It does not matter that how slow process has been performed. Similar process will be happened, if one takes thermodynamics state B, into state A. In this case, one can take surrounding temperature T 0 + δT , and system temperature T 0 − δT , and differential heat δQ will be flown from surrounding into system during single step process.
Again, in this equation T 0 is the average temperature (mean-temperature) of system and surrounding, and δT is the temperature error distribution function (deviation from mean-temperature), which follows normal distribution (we have assumed it). Again, the total change in entropy when thermodynamics system goes from state B, into state A, can be written as (this time define dS total = dS system − dS surrounding , because, this time heat flows from surrounding into the system with surrounding temperature T 0 + δT , and system temperature
If any cyclic reversible thermodynamical process has been performed between state A, and state B, then the net change in entropy will be 2S total , which is very small and we simply ignore it and says that change in entropy in a cyclic process under reversible thermodynamic condition is zero. But, if one arguing the validity the second law of thermodynamics at any scale, then one must include this entropy as well (which is non-zero, and finite) in discussion.
What we are concluding in this section is that no directional process can be reversible (in absolute sense) in nature. It does not matter that how slow that process has been performed, still there will be a finite ir-reversibility in the process, and thus, a finite net positive entropy will be outcome. Since every process in nature is ir-reversible (in absolute sense), therefore, the second law of thermodynamics will be absolute and will always remain valid at any scale (time, length-scale).
III. CHEMICAL POTENTIAL
To make our discussion simple, we will use ideal gas equation without losing any generality. In ideal gas, chemical potential is defined by the Gibbs-Helmholtz equation,
where µ 0 and P 0 is the chemical potential and pressure at equilibrium, k is the Boltzmann constant and T is system temperature in Kelvin. As we can see that, chemical potential µ(T, P ), depends on temperature and pressure.
Locally, the change in Gibbs free energy in two different part (space) which have different concentrations, different chemical constituents, different pressure and temperature can be written as,
Therefore, the net differential change in Gibbs free energy which is available as a useful work is equal to,
or
depends on which, local, differential space denoted by subscript 2, or subscript 1, have the higher chemical po-
tential. This net Gibbs free energy, dG, will develop the chemical potential gradient locally between two investigating space, and thus drive the system (composition of atoms/molecules) either from space 2, towards space 1, or from space 1, towards space 2. This is a directional process, and thus will come under ir-reversible category.
If system evolves under chemical potential gradient and goes from investigating space 2, towards space 1, or from space 1, towards space 2, then, there will be a finite, nonzero, ir-reversible entropy associated with this process. It does not matter that in which direction process has been evolved, the entropy will keep adding in it previous value, and thus, keep increasing during the process. If system move in either direction (due to presence of finite electrochemical potential gradient
, which drive the system in either direction ), then the total entropy (system+surrounding) will increases. One can compare this system with spring-block system, in which gravitational potential is higher in extreme end, and there is finite gravitational potential gradient towards the center of the spring-block system (around which simple harmonic oscillation happen), thus block move toward the center and constantly interacting with surrounding media through which ir-reversibility arises in the system. In this system, entropy (ir-reversibility) will always increases. It does not matter that block moving towards the center or away from the center. In both cases, there will be dissipation in energy, and increases in ir-reversibility, and thus increases in entropy. In other system, it is quite possible that system has differential non-zero finite chemical potential gradient which is a function of time, and which change rapidly, and thus generates chaotic motion. Still entropy will increase in each time-step in which system has driven in certain direction ( that process will be a directional process (at each timestep), and this directional process will generate the finite non-zero entropy in each time-step. So total, entropy of the system will increase in each and every time-step.
There will be no time-step in which entropy will decreases (see for example 2 ). Also, time reversibility is an ideal concept, which is only valid at absolute zero temperature (0-K) and zero pressure. At absolute zero Kelvin, nothing can be probe for measurement, because, everything will be completely frozen at zero kelvin. And if one probe for any measurement, then, locally temperature will rise and thus, system will no longer remain at absolute zero move under any potential-energy gradient, then process will be ir-reversible by itself, which will increase the entropy of the system. Also, entropy and time are one way street. Both can only move in forward direction.
2,
"Here P (+σ) is the probability of observing an entropy production rate, σ , measured over a trajectory of time
This definition of positive and negative entropy production during forward and in time reversal situation is itself an absurd, because, there is no step in any system where system entropy decreases. At each step, any real system always move under the presence of locally chemical/electrical/magnetic/gravitational, potential-energy gradient. Moving under any potential energy-gradient will generates ir-reversibility in process, and thus, increases the entropy.
(3), " The piston is then moved inwards at a uniform rate,compressing the gas to some new, smaller volume.
In the corresponding time-reversed process, the gas starts in equilibrium at the final volume of the forward process, and is then expanded back to the original volume at the same rate that it was compressed by the forward process.
The microscopic dynamics of the system will differ for each repetition of this process, as will the entropy production, the heat transfer, and the work performed on the system. The probability distribution of the entropy production is measured over the ensemble of repetitions."
If piston move with some finite speed (no matter how small this speed is), then compression and expansion process will come under ir-reversible polytropic category (see for example 2 ). If process is ir-reversible and polytropic then work done during compression and expansion can not be calculated unless or until all dissipative forces and exponent η, known completely. Also, due to presence of dissipative forces, this work will be the path and speed dependent. So, calculating entropy or any other thermodynamic variable under these condition after multiple repetition of the experiment has no solid thermodynamic foundation, and thus, can not be trusted without any doubt.
(4), "Another expression that is valid in the far-from equilibrium regime is the recently discovered relationship between the difference in free energies of two equilibrium ensembles, δF , and the amount of work, W , expended in switching between ensembles in a finite amount of time
Here β = 1 k B T , k B is the Boltzmann constant, T is the temperature of the heat bath that is coupled to the system, and .. indicates an average over many repetitions of the switching process".
Strictly speaking, no direct relation can be obtain between Helmholtz free energy and work done in a irreversible process, until or unless all dissipative forces which is speed dependent, and polytropic exponents of gas are known completely. Because work done in an irreversible process will be path-dependent. Any process which has been performed in a finite time will come under ir-reversible category. 
has dissipative term (γẊ) which is velocity (Ẋ) dependent. Presence of dissipative term will make whole equation ir-reversible which will always increase entropy. (7), "For example, with the confined gas we compare the entropy production when the gas is compressed to the entropy production when the gas is expanded. To allow this comparison of forward and reverse processes, we will require that the entropy production is odd under a time reversal, i.e., w F = −w R , for the process under consideration"
Expansion and compression of a gas under ir-reversible condition is path, polytropic constant, and speed dependent. These dissipative process should not be made time reversible, because dissipative forces will always dissipate energy and increase entropy every time-step. is Jarzynskis equality, which relates the equilibrium freeenergy difference dG between two equilibrium states to an exponential average (denoted by angle brackets) of the work done on the system, W , taken over an infinite number of repeated none-equilibrium experiments,exp(
Work done by infinite number of repeated nonequilibrium experiments come under ir-reversible category (see for example
2 ). However, standard thermodynamics fundamentals suggest that work must need to be performed under reversible process, (reversible process will take infinite amount of time for one cycle) only then work W , and G can be equated. If process happen with finite speed or in finite time then it come under irreversible category and ir-reversible process rule needed to be invoked before reaching any conclusion 2 .
(2), "These results illustrate that when used in conjunction with an appropriate fluctuation theorem, nonequilibrium single-molecule force measurements can provide equilibrium information such as folding free energies, even if the process studied occurs under far-fromequilibrium conditions." shown that all experimented data can be explained using chemical potential energy gradient. We have shown that system will be evolved and governed by the chemical potential gradient and thus ir-reversibility will induce in the process itself which will increase entropy. We have shown that evolution of system under chemical potential energy gradient in each time-step is governed by the second law of thermodynamics. We have shown that no directional process which have been evolved or will evolve can come under reversible category. We have shown that how reversible thermodynamics evolves in nature and how there is non-zero entropy associated even with this process (if one look process very closely in absolute sense). We have shown that every process which happens at any non-zero temperature (T > 0K) is inherently ir-reversible, and fundamental thermodynamic quantity entropy always increases in each and every time-step, which validate the supremacy of the second law of thermodynamics in nature.
We hope that this paper will clear the doubt about the second law of thermodynamics, and stimulate the scientific community to start looking the fundamentals thermodynamics equations at microscopic levels very carefully. Now, we can quote Arthur Eddington again: "The second law of thermodynamics holds, I think, the supreme position among the laws of Nature. If someone points out to you that your pet theory of the universe is in disagreement with Maxwell's equations then so much the worse for Maxwell's equations. If it is found to be contradicted by observation, well, these experimentalists do bungle things sometimes. But if your theory is found to be against the second law of thermodynamics I can give you no hope; there is nothing for it but to collapse in deepest humiliation" 1 .
